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ARSTRACT 1 

T h i s  memorandum o u t l i n e s  s i x  p o s s i b l e  metbcds f 2 r  
dockir ig  tile LMSS P z g l c a d  Module (PM) to t h e  m u l t i p l e  d o c k i n g  
a d a p t e r  ( M D A )  o f  t h e  C r b i t a l  Asserrbly as p z r ~  cf  t h e  ni jd-1963 
F p o l l o  App l - i ca t ions  m i s s i o n s .  I n  t h e  p r e s e n t  d e s i g n ,  which h a s  
e v o l v e d  around A p o l l o  Miss ion  5 0 4 - C ,  t h e  PM can be  docked t o  
o n l y  a CSM. Each o f  t h e  s i x  d o c k i n g  methods r e q u i r e s  u n i q u e  
c o n f i g u r a t i o n  cnanges  i n  t h e  PM d e s i g n .  E x t e n t ,  and  c o n s e q u e n t l y  
c o s t  o f  t h e  m o d i f i c a t i c n s  can be d i m i n i s h e d  a t  t h e  expeiise of 
o p e r a t i o n a l  c o m p l e x i t y  and/or  s a c r i f i c e  of o b , j e c t i v e s .  

:!n f i v e  o f  t h e  s i x  c a s e s  t h e  CSM a c t i v e l y  p e r f o r m s  t h e  
d o c k i n g  maneuver,  and  t h e r e f o r e  two docki rLg ports are  r e q u i r e d  
on t k 1 e  PM. A f o r w a r d  p o r t  a l r e a d y  e x i s t s .  I n  two c a s e s ,  t h e  
a d d i t i o n a l  p o r t  i s  pe rmanen t ly  mounted d i r e c t l y  o p p o s i t e  t h e  
e x i s t i n g  p o r t ,  and  t h i s  r e q u i r e s  r e l o c a t i o n  o f  t h e  PM b a t t e r y  
compartment .  I n  a t h i r d  method, t h e  a f t  p o r t  i s  mounted by 
EVA.  An 110 o f f s e t  p o r t  c a n  b e  i n s t a l l e d  w i t h o u t  ma.jor changes  
i n  t h e  PM, b u t  r e t e n t i o n  of t h e  r a c k  w i t h  t h e  PM i s  r e q u i r e d .  
I f  i t  i s  f e a s i b l e  t o  s ide-dock t h e  PM t o  t h e  MDA, n e i t h e r  b a t t e r y  
compartment r e l o c a t i o n  n o r  r a c k  r e t e n t i o n  i s  n e c e s s a r y , b u t  CSN 
c o n t r o l  l o g i c  changes  a r e  r e q u i r e d ,  The method t h a t  d o e s  n o t  
r e q u i r e  a d d i t i o n  o f  a docking  p o r t  i s  to s n a r e  t h e  F$M on two 
booms t h a t  have  been  a u t o m a t i c a l l y  e x t e n d e d  f rom t h e  MDA. Af te r  
DlDA a c t i v a t i o n ,  t h e  crew r e e l s  t h e  PM i n t o  t h e  docked p o s i t i o n .  

Three  o f  t h e  methods r e q u i r e  t h a t  t h e  CSM t r a n s p o s e  
a round  t h e  PM s o  t h a t  when t h e  CSM docks  i t  t o  t h e  MDA, t h e  LMSS 
f i l m  c a n i s t e r s  a r e  a c c e s s i b l e  from w i t h i n  t h e  i n t e r n a l  volume o f  
t h e  MDA. Dur ing  t h i s  t r a n s p o s i t i o n  maneuver ,  t h e  PM must b e  
s t a b i l i z e d .  A d d i t i o n  o f  a PM a t t i t u d e  c o n t r o l  s y s t e m  or t e m p o r a r y  
a t t a c h m e n t  o f  t h e  PM t o  t h e  s t a b i l i z e d  O r b i t a l  Assembly w i l l  meet 
t h i s  r e q u i r e m e n t .  
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1 . 0  I N T R O D U C T I O N  

T h i s  memorandum o u t l i n e s  s i x  p o s s i b l e  methods for 
d o c k i n g  t h e  LMSS Pay load  Module (PM) t o  t h e  m u l t i p l e  d o c k i n g  
a d a p t e r  ( M D A )  o f  t h e  O r b i t a l  Assembly. A s  p r e s e n t l y  p l a n n e d ,  
tile LMSS e a r t h - o r b i t a l  checkout  m i s s i o n  w i l l  b e  pe r fo rmed  w i t h  
U p r a t e d  S a t u r n  I AS-207 ( A A P - l ) ,  and  a f t e r  a p p r o x i m a t e l y  f i v e  
d a y s  a t  1 0 5  t o  1 2 5  N M ,  t h e  CSM w i l l  t r a n s f e r  t o  270  NM and  
r endezvous  w i t h  t h e  O r b i t a l  Workshop t h a t  h a s  been  l a u n c h e d  
unmanned t o  t h a t  a l t i t u d e  w i t h  AS-209 (AAP-2). I f  t h e  PM i s  
t a k e n  a l o n g  and docked t o  t h e  MDA f o r  l a t e r  r e u s e  as p a r t  o f  
t h e  O r b i t a l  Assembly/LM-ATM m i s s i o n s ,  AS-210 and 2 1 1  (AAP-3 
and - 4 )  m o d i f i c a t i o n s  t o  t h e  Pay load  Module a r e  r e q u i r e d .  I n  
t h e  p r e s e n t  d e s i g n ,  which has  e v o l v e d  around A p o l l o  M i s s i o n  
504-C,  t h e  LMSS i s  n o t  c a p a b l e  o f  r e u s e ,  and t h e  PM c a n  be  
docked t o  o n l y  a CSM. 

Each o f  t h e  s i x  p o s s i b l e  d o c k i n g  methods d e s c r i b e d  
r e q u i r e s  u n i q u e  c o n f i g u r a t i o n  changes  i n  t h e  Pay load  Module 
d e s i g n .  E x t e n t ,  and c o n s e q u e n t l y  c o s t ,  o f  t h e  m o d i f i c a t i o n s  
can  b e  d i m i n i s h e d  a t  t h e  expense  o f  o p e r a t i o n a l  c o m p l e x i t y  
a n d / o r  s a c r i f i c e  o f  some r e u s e  o b j e c t i v e s .  I n  f i v e  o f  t h e  
s i x  c a s e s ,  t h e  CSM a c t i v e l y  pe r fo rms  t h e  d o c k i n g  maneuver ,  
I n  t h e s e  c a s e s ,  two d o c k i n g  p o r t s  a re  r e q u i r e d  on t h e  PM. One 
i s  t h e  e x i s t i n g  p o r t ,  and s i n c e  i t  i s  f o r w a r d  i n  t h e  l a u n c h  
c o n f i g u r a t i o n ,  i t  w i l l  be  c a l l e d  t h e  f o r w a r d  p o r t  i n  t h i s  
memorandum. I n  two c a s e s ,  t h e  a d d i t i o n a l  p o r t  i s  p e r m a n e n t l y  
mounted on t h e  o p p o s i t e  end o f  t h e  PM which r e q u i r e s  e i t h e r  
r e l o c a t i o n  o f  t h e  a f t  b a t t e r y  compartment or t r a n s l a t i o n  o f  
t h e  PM l a u n c h  p o s i t i o n  fo rward  s o  t h e  a d d i t i o n a l  p o r t  may b e  
a t t a c h e d  a f t  o f  t h e  b a t t e r y  compartment .  I n  t h e  p r e s e n t  d e s i g n ,  
t h e  c l e a r a n c e  be tween t h e  b a t t e r y  compartment and t h e  t o p  o f  
t h e  S-IVB hydrogen  t a n k  i s  a l r e a d y  a t  t h e  minimum o f  e i g h t  i n c h e s .  
If e i t h e r  of t h e s e  m o d i f i c a t i o n s  a re  t o o  e x t e n s i v e ,  t h e r e  a re  two 
o t h e r  methods o f  i n s t a l l i n g  t h e  a f t  d o c k i n g  c o l l a r .  One i s  t o  
i n s t a l l  i t  by EVA a f t e r  rendezvous  w i t h  t h e  Workshop i s  a c c o m p l i s h e d ;  
t h e  o t h e r  i s  t o  p e r m a n e n t l y  mount i t  o f f s e t  f rom t h e  a x i a l  c e n t e r -  
l i n e  s u c h  t h a t  i t  c l e a r s  t h e  b a t t e r y  compartment .  T h i s  l a t t e r  
method i s  t h e  o n l y  one t h a t  r e q u i r e s  r e t e n t i o n  o f  t h e  l a u n c h  
s u p p o r t  r a c k  w i t h  t h e  PM. The f i f t h  method i s  t o  dock t h e  s i d e  



. 
-2- BELLCOMM, INC. 

o f  t h e  PM t o  t h e  MDA, which ,  i f  f e a s i b l e  a t  a l l ,  r e q u i r e s  
changes  t o  t h e  CSM c o n t r o l  l o g i c .  The s i x t h  method i s  t o  
s n a r e  t h e  PM a f t e r  Workshop r endezvous  on two booms t h a t  
have  been  a u t o m a t i c a l l y  ex tended  f rom t h e  M D A .  Af t e r  MDA 
a c t i v a t i o n , t h e  crew r e e l s  t h e  PM i n t o  t h e  docked p o s i t i o n .  

2 . 0  COMMON MODIFICATIONS AND OPERATIONS 

T a b l e  I l i s t s ,  f o r  t h e  s i x  methods ,  PM and r a c k  
m o d i f i c a t i o n s  and i n - f l i g h t  o p e r a t i o n s  r e q u i r e d .  S e v e r a l  
m o d i f i c a t i o n s  and o p e r a t i o n s  are  common to two or more o f  
t h e  d o c k i n g  methods ,  and w i l l  be  d e s c r i b e d  p r i o r  t o  t h e  
d e t a i l e d  p r e s e n t a t i o n  o f  t h e  methods .  

2 . 1  A d d i t i o n  o f  Permanent A f t  Docking C o l l a r  

A s  men t ioned  i n  t h e  i n t r o d u c t i o n ,  t h e  p r e s e n t  c l e a r a n c e  
be tween t h e  PM b a t t e r y  compartment and  t h e  t o p  o f  t h e  S - I V B  
hydrogen  t a n k  i s  e i g h t  i n c h e s ,  t h e  s p e c i f i e d  minimum. Permanent  
mount ing  o f  t h e  e x t r a  docking  c o l l a r  and d r o g u e  on t h e  a f t  end  
o f  t h e  PM r e q u i r e s  t h a t  t h e  b a t t e r y  compartment be  moved. 
The re  a re  two f e a s i b l e  ways o f  d o i n g  t h i s :  

2 . 1 . 1  It may b e  r e l o c a t e d  fo rward  o f  t h e  PM-rack s e p a r a t i o n  
j o i n t .  T h i s  can  be  done b y  r e p a c k a g i n g  i t  a round  t h e  c i r c u m f e r e n c e  
et' t h e  PM, o r  mounting i t  as a u n i t  t o  t h e  s i i e  nf t h e  PM n p p o s i t e  
t h e  I R  b a f f l e .  

2 . 1 . 2  It may b e  r e l o c a t e d  b y  t r a n s l a t i n g  t h e  l a u n c h  p o s i t i o n  
o f  t h e  e n t i r e  PM f o r w a r d  r e l a t i v e  t o  t h e  SLA. However to o b t a i n  
t h e  p r o p e r  c l e a r a n c e  between t h e  a f t  d o c k i n g  c o l l a r  and t h e  tamk,  
t h e  f o r w a r d  end  o f  t h e  PM must b e  i n s i d e  t h e  CSM SPS n o z z l e  
d u r i n g  l a u n c h .  A s  a consequence ,  p r e - s e p a r a t i o n  e n g i n e  g i m b a l  
checkou t  i s  l i m i t e d .  To m a i n t a i n  on-pad a c c e s s  t o  t h e  b a t t e r y  
compar tment ,  t h e  l a u n c h  s u p p o r t  r a c k  s h o u l d  b e  moved f o r w a r d  by  
t h e  same amount r a t h e r  t h a n  t r a n s l a t i n g  t h e  PM w i t h i n  t h e  r a c k .  
T h i s  i s  c o n s i s t e n t  w i t h  what i s  p r o b a b l y  t h e  minimum r a c k  modi- 
f i c a t i o n - - m o v i n g  t h e  SLA a t t a c h  p o i n t s  down b y  chang ing  t h e  
l e n g t h s  of t h e  f o u r  s e t s  o f  o u t s i d e  s u p p o r t  t u b e s ,  

2 . 2  I n - f l i g h t  T r a n s p o s i t i o n  o f  t h e  CSM Around t h e  PM 

T h i s  o p e r a t i o n  i s  r e q u i r e d  whenever  t h e  CSM p e r f o r m s  
t h e  d o c k i n g  maneuver and a c c e s s i b i l i t y  t o  t h e  PM f i l m  c a n j s t e r s  
f rom w i t h i n  t h e  MDA i s  p r o v i d e d .  The l a t t e r  p r o v i s i o n  d i c t a t e s  
t h a t  t h e  e x i s t i n g  fo rward  drogue be mated w i t h  a p robe  on t h e  MDA. 
T h i s  docked o r i e n t a t i o n  i s  p a r t i c u l a r l y  c o n v e n i e n t  for LMSS 



-3- BELLCOMM, INC. 

o p e r a t i o n  w i t h  t h e  O r b i t a l  Assembly. It a l s o  i s  a d v a n t a g e o u s  
f o r  r e t r i e v i n g  e a r t h - o r b i t a l  da ta .  LMSS f i l m  d o e s  n o t  have t o  
b e  r e c o v e r e d  u n t i l  d o c k i n g  t o  t h e  MDA i s  comple t ed ,  and f i n a l  
d r o g u e  s t o r a g e  c a n  b e  w i t h i n  t h e  Workshop r a t h e r  t h a n  w i t h i n  
t h e  PM. If t h e  n e c e s s a r y  e l e c t r i c a l  c o n n e c t i o n s  be tween t h e  
CSM and t h e  PM c o u l d  be  made w i t h o u t  removing t h e  CSM p r o b e  
and f o r w a r d  PM d r o g u e ,  t h e s e  components would n e v e r  have  to 
b e  removed and r e p l a c e d  f rom w i t h i n  a d e p r e s s u r i z e d  C M .  What 
a p p e a r s  to be  a v e r y  d i f f i c u l t  o p e r a t i o n  f o r  t h e  crew would 
t h e r e f o r e  be e l i m i n a t e d .  (An argument  a g a i n s t  t h i s  p o i n t  can  
be  made: I f  t h e  e a r t h  o r b i t a l  mrission i s  f o r  checkou t  of  t h e  
crew as w e l l  as t h e  LMSS, t h e  p r o b e  and d r o g u e  s h o u l d  a t  l e a s t  
b e  removed from w i t h i n  a d e p r e s s u r i z e d  CM as t h i s  o p e r a t i o n  i s  
r e q u i r e d  i n  l u n a r  o r b i t . )  

The problem w i t h  i n - f l i g h t  t r a n s p o s i t i o n  o f  t n e  CSM i s  
t h e  l a c k  o f  a s t a b i l i z a t i o n  s y s t e m  on t h e  PM. Torques  i n d u c e d  
d u r i n g  CSM undocking  from t h e  f o r w a r d  end  might  i n d u c e  t u m b l i n g  
o f  t h e  PM s u c h  t h a t  r e d o c k i n g  a t  t h e  a f t  end  would be i m p o s s i b l e .  
A s t a b i l i z e d  PM can  be  p r o v i d e d  i n  two w a y s :  

2 . 2 . 1  A c o l d  g a s  a t t i t u d e  c o n t r o l  s y s t e m  may be  added t o  t h e  
PM. S e v e r a l  s y s t e m s  o f  t h i s  t y p e  have  been  deve loped  and f l o w n .  
A l i k e l y  c h o i c e  might  b e  t h e  s y s t e m  used  on t h e  Gemini Augmented 
Target Docking Adap te r .  

2 . 2 . 2  The PM may be  s t a b i l i z e d  by t e m p o r a r i l y  a t t a c h i n g  i t  t o  
t h e  O r b i t a l  Assembly a f t e r  r endezvous .  T h i s  c o u l d  be done w i t h  
b a y o n e t  f i t t i n g s  or by a n  e l e c t r o m a g n e t .  An EVA to s e c u r e  a 
t e m p o r a r y  a t t a c h m e n t  i s  n o t  c o n s i d e r e d  f e a s i b l e  b e c a u s e  t h e  CM 
t u n n e l  i s  c o v e r e d  b y  t h e  PM and t h e  s i d e  h a t c h  i s  n o t  d e s i g n e d  
to b e  resea led .  Depending on t h e  t i m e  r e q u i r e d  f o r  t h e  undock- 
i n g ,  t r a n s p o s i t i o n ,  and r e d o c k i n g ,  t h e  O r b i t a l  Assembly c a n  b e  
u n d e r  a c t i v e  or p a s s i v e  s t a b i l i z a t i o n .  A c t i v e  s t a b i l i z a t i o n  i s  
l i m i t e d  by t h e  S-IVB I n s t r u m e n t  U n i t  ( I U )  l i f e t i m e  which i s  
a p p r o x i m a t e l y  7-l/2 h o u r s .  A c t i v e  s t a b i l i z a t i o n  a f t e r  r e n d e z v o u s  
i s  l e s s  t h a n  t h i s ,  however ,  because  o f  t h e  t i m e  r e q u i r e d  f o r  CSM 
p h a s i n g  a t  low a l t i t u d e  and f o r  t h e  Hohmann t r a n s f e r  t o  t h e  Work- 
s h o p .  Conce ivab ly  t h e  I U  c o n t r o l  s y s t e m  c o u l d  l e a v e  t h e  S-IVB 
and A i r l o c k  Module i n  a g r a v i t y  g r a d i e n t  s t a b i l i z e d  o r i e n t a t i o n  
b e f o r e  e x p i r i n g .  Any p e r t u r b a t i o n s  t o  t h i s  p a s s i v e  s t a b i l i z a t i o n  
due  t o  PM i m p u l s e s  i m p a r t e d  t o  t h e  O r b i t a l  Assembly would have 
t o  b e  removed b y  t h e  CSM RCS s y s t e m  b e f o r e  s u b s e q u e n t  undock ing  
f rom t h e  PM. It i s  e x p e c t e d  t h a t  t h e  i n e r t i a  o f  t h e  Assembly 
combined w i t h  c a r e f u l  o p e r a t i o n s  w i l l  p r e v e n t  i n t o l e r a b l e  tumbl-  
i n g  from l o a d s  induced  i n  undocking .  
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2 . 3  F i n a l  PM and CSM Docking 

The same c o n s i d e r a t i o n s  on a c t i v e  v s .  p a s s i v e  
S-IVB s t a b i l i z a t i o n  d i s c u s s e d  i n  S e c t i o n  2 . 2 . 2  a p p l y  f o r  
f i n a l  PM d o c k i n g  t o  t h e  MDA, s u b s e q u e n t  CSM undock ing ,  
and f i n a l  CSM d o c k i n g  t o  a n o t h e r  MDA p o r t .  I f  t h e  S-IVB 
a c t i v e  s t a b i l i z a t i o n  s y s t e m  i s  i n  o p e r a t i o n  t h r o u g h o u t  
t h i s  s e q u e n c e ,  t h e r e  i s  no problem.  However, i f  t h e  
f i r s t  d o c k i n g  i m p u l s e  tumbles  a p a s s i v e l y  s t a b i l i z e d  
Workshop, r e a c q u i s i t i o n  o f  a g r a v i t y  g r a d i e n t  s t a b i l i z e d  
a t t i t u d e  o f  t h e  Workshop p l u s  PM must be o b t a i n e d  by 
t h e  CSM RCS b e f o r e  i t  undocks from t h e  PM. I f  t h i s  p r o v e s  
n o t  f e a s i b l e ,  a l t e r n a t i v e s  a r e  t o  e x t e n d  t h e  I U  l i f e t i m e ,  
or add a s e p a r a t e  S-IVB Workshop s t a b i l i z a t i o n  s y s t e m .  
F i n a l  s e c u r i n g  of t h e  PM t o  t h e  MDA must be  done f rom 
w i t h i n  t h e  MDA a f t e r  i t  i s  a c t l v a t e d .  

3 . 0  D O C K I N G  METHODS 

The s i x  methods o f  d o c k i n g  t h e  PM t o  t h e  MDA are  
d e s c r i b e d  i n  d e t a i l  i n  t h e  o r d e r  t h e y  a re  p r e s e n t e d  i n  
T a b l e  I .  

3 . 1  CSM, Docked t o  Permanent I n l i n e  A f t  C o l l a r ,  Docks 
Forward Collar t o  MDA 

T h i s  method r e q u i r e s  a d d i t i o n  o f  a permanent  a f t  
d o c k i n g  c o l l a r  t o  t h e  PPI by  e i t h e r  of' t h e  ways d i s c u s s e d  
i n  S e c t i o n  2 . 1 .  The f i n a l  docked o r i e n t a t i o n  i s  t h e  
optimum f o r  LMSS o p e r a t i o n  from w i t h i n  t h e  Workshop. T rans -  
p o s i t i o n  o f  t h e  CSM around t h e  PM i s  r e q u i r e d  as  d i s c u s s e d  
i n  S e c t i o n  2 . 2 .  T h i s  method d o e s  n o t  r e q u i r e  r e t e n t i o n  o f  
t h e  PM l a u n c h  s u p p o r t  r a c k  f o r  t h e  d o c k i n g  o p e r a t i o n s ,  n o r  
d o e s  i t  r e q u i r e  a n  EVA, V i s i b i l i t y  f rom w i t h i n  t h e  CM i s  
hampered d u r i n g  f i n a l  PM dock ing .  T h i s  problem c a n  be  
r e s o l v e d  by t h e  a d d i t i o n  o f  s m a l l  m i r r o r s  on t h e  PM. 

3 . 2  CSM, Docked t o  Permanent O f f s e t  A f t  C o l l a r ,  Docks 
Forward C o l l a r  t o  MDA 

T h i s  method a l s o  r e s u l t s  i n  t h e  optimum LMSS 
o r i e n t a t i o n  f o r  o p e r a t i o n  w i t h  t h e  Assembly. It i s  p r o -  
p o s e d  t o  e l i m i n a t e  t h e  m o d i f i c a t i o n s  d e s c r i b e d  i n  S e c t i o n  
2 . 1 .  The permanent  a f t  c o l l a r  i s  mounted o f f s e t  f rom t h e  
c e n t e r l i n e  o f  t h e  PM, and t h i s  r e q u i r e s  r e t e n t i o n  o f  t h e  
l a u n c h  s u p p o r t  r a c k .  The c o l l a r  i s  mounted on t h e  base 
cf' t h e  r a c k  as c l o s e  as p o s s i b l e  t o  t h e  PM b a t t e r y  com- 
p a r t m e n t .  It  i s  t i l t e d  such  t h a t  t h e  p l a n e  o f  t h e  c o l l a r  
i s  p e r p e n d i c u l a r  t o  a l i n e  c o n n e c t i n g  t h e  c e n t e r s  o f  t h e  
f o r w a r d  and a f t  d r o g u e s .  F i g u r e  1 i l l u s t r a t e s  t h i s  con- 
c e p t .  The a n g l e  made by t h e  a f t  c o l l a r  and t h e  b a s e - p l a n e  
o f  t h e  r a c k ,  as s c a l e d  f rom F i g u r e  1, i s  a p p r o x i m a t e l y  1l0. 
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For p e r f e c t  PM-MDA a l i g n m e n t ,  t h e  CSM would n o m i n a l l y  a p p r o a c h  
t h e  MDA w i t h  i t s  c e n t e r l i n e  o f f s e t  11' f rom t h e  c e n t e r l i n e  of 
t h e  MDA p o r t .  T h i s  i s  one d e g r e e  o u t s i d e  t h e  s p e c i f i e d  maximum 
a n g l e .  However, t h e  same 1 0  d e g r e e  t o l e r a n c e  s h o u l d  a p p l y  t o  
t h e  a n g l e  t h e  PM makes w i t h  t h e  c e n t e r l i n e  o f  t h e  MDA p o r t ,  and 
t h e r e f o r e  any CSM t o  MDA a n g l e  ( i n  t h e  p l a n e  o f  t h e  11' f i x e d  
o f f s e t )  be tween 1' and 10' meets t h e  s p e c i f i c a t i o n  as a p p l i e d  
t o  e i t h e r  t h e  CSM or PM. 
a l i g n m e n t  i s  d e c r e a s e d  from a cone a n g l e  o f  20° t o  9 , i t  can  
be met w i t h  p r o p e r  t a r g e t s  and c a r e  i n  t h e  o p e r a t i o n .  

Although t h e  a l l o w a b l e  d o c g i n g  

T h i s  method r e q u i r e s  t r a n s p o s i t i o n  of t h e  CSM a round  
t h e  PM as d e s c r i b e d  i n  S e c t i o n  2 . 2 ,  b u t  no EVA. V i s i b i l i t y  
d u r i n g  d o c k i n g  i s  improved ove r  t h e  c a s e s  when t h e  two PM dock- 
i n g  c o l l a r s  a re  d i r e c t l y  o p p o s i t e  e a c h  o t h e r .  

3 . 3  CSM Docks S i d e  o f  PM t o  MDA 

T h i s  method does  not  r e q u i r e  r e l o c a t i o n  o f  t h e  
b a t t e r y  compartment or CSM t r a n s p o s i t i o n .  A s i d e  d o c k i n g  
p o r t  i s  added  t o  t h e  PM o p p o s i t e  t h e  I R  b a f f l e .  Dur ing  dock- 
i n g  t o  t h e  MDA, t h e  CSM must t r a n s l a t e  s i d e w a y s .  Because  t h e  
PM i s  docked t o  t h e  f r o n t  of i t ,  s i d e - t r a n s l a t i o n  RCS j e t s  
a r e  o f f s e t  f rom t h e  combined c e n t e r  o f  mass. Thus a p r o p e r  
c o m b i n a t i o n  o f  t r a n s l a t i o n  p l u s  c o u n t e r - r o t a t i o n  j e t s  must b e  
f i r e d .  A s  RCS t h r u s t  i s  f i x e d ,  p r e c i s e  s e q u e n c i n g  o f  t h e  f i r -  
i n g s  i s  r e q u i r e d .  CSM gu idance  computer  reprogramming i s  

i n e r t i a l  p r o p e r t i e s  are known. Alignment  o f  t h e  PM s i d e  dock- 
i n g  p o r t  w i t h  CSM t r a n s l a t i o n a l  and r o t a t i o n a l  p l a n e s  must b e  
k e p t  t o  a much t i g h t e r  t o l e r a n c e  t h a n  now s p e c i f i e d ,  and t h e  
r e q u i r e d  a n g l e  might  b e  u n a c c e p t a b l e  f o r  LMSS o p e r a t i o n  w i t h  
t h e  CSM. These c o n s i d e r a t i o n s  r a i s e  q u e s t i o n s  c o n c e r n i n g  t h e  
f e a s i b i l i t y  o f  s i d e - d o c k i n g  t h e  PM t o  t h e  MDA w i t h  an  a c t i v e  
CSM. 

L 1 -  -._- r..-- L11*8 I r ,~g~-l t  to w a i t  - - - - L ? l  L , , c L , e L  i>qu i i - , ed ,  aiid L'- 1 U I l L l l  a c c u r a t e  

The f i n a l  docked p o s i t i o n  l e a v e s  t h e  LMSS f i l m  c a n i s t e r s  
exposed  t o  t h e  s p a c e  env i ronmen t .  EVA i s  r e q u i r e d  b e f o r e  t h e  LMSS 
can  be u s e d  w i t h  t h e  Assembly, and f o r  f i l m  r e t r i e v a l .  V i s i b i l i t y  
d u r i n g  d o c k i n g  i s  improved i n  t h e  s e n s e  t h a t  b o t h  t h e  PM and MDA 
d o c k i n g  c o l l a r s  can  be s e e n  b y  t h e  crew f rom w i t h i n  t h e  CSM. 
However, d e p t h  p e r c e p t i o n  becomes a problem i n  a c h i e v i n g  p r o p e r  
p r e - a l i g n m e n t  a l o n g  t h e  CSM-PM roll a x i s .  
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3.4 CSM Docks Permanent A f t  C o l l a r  to MDA 

T h i s  method does  n o t  r e q u i r e  t h e  CSM t r a n s p o s i t i o n  
maneuver .  T h e r e f o r e ,  i t  r e s u l t s  i n  t h e  PM f i l m  compartment 
b e i n g  exposed  t o  t h e  s p a c e  env i ronmen t .  I f  t h e  a f t  c o l l a r  
i s  d i r e c t l y  o p p o s i t e  t h e  f o r w a r d  c o l l a r ,  t h e  b a t t e r y  compar t -  
ment must be  r e l o c a t e d  b y  e i t h e r  o f  t h e  methods o u t l i n e d  i n  
S e c t i o n  2 . 1 .  It c o u l d  be  o f f s e t  as i n  method 3 . 2 .  Al though 
t h e  LMSS i s  i n  a non-optimum p o s i t i o n ,  o t h e r  e x p e r i m e n t s  
(EO-0)  c o u l d  b e  mounted a round t h e  a f t  c o l l a r  s o  t h e y  a r e  
a c c e s s i b l e  f o r  t h e  MDA. I n  f a c t ,  t h e  a f t  c o l l a r  c o u l d  b e  
i n c o r p o r a t e d  i n  a p r e s s u r i z e d  compartment  t o  p r o v i d e  " s h i r t -  
s l e e v e "  a c c e s s i b i l i t y .  

3 . 5  CSM Docked to EVA I n s t a l l e d  A f t  C o l l a r ,  Docks Forward 
C o l l a r  t o  MDA 

T h i s  method depends  on EVA t o  i n s t a l l  t h e  a f t  c o l l a r ,  
t h u s  e l i m i n a t i n g  permanent  a d d i t i o n a l  d o c k i n g  p r o v i s i o n s .  It  
i s  p r o p o s e d  o n l y  t o  minimize changes  i n  t h e  p r e s e n t  PM d e s i g n .  
O p e r a t i o n a l l y ,  i t  i s  v e r y  complex. The sequence  would o c c u r  
a f t e r  t h e  CSM w i t h  t h e  PM docked t o  i t  t r a n s f e r s  t o  and 
r e n d e z v o u s  w i t h  t h e  O r b i t a l  Workshop. The PM i s  t e m p o r a r i l y  
a t t a c h e d  t o  t h e  unmanned Assembly. The  CSM t h e n  undocks f rom 
t h e  PM, and docks  t o  t h e  MDA. The crew a c t i v a t e s  t h e  A i r l o c k  
Msdxle and then one astro,n,aut  p e r f o r m s  3n EVA w i t h  egress 
t h r o u g h  t h e  A i r l o c k  t o  i n s t a l l  t h e  e x t r a  d r o g u e  a s s e m b l y  t o  
t h e  a f t  end  o f  t h e  PM. 

The c o n c e p t  o f  t h e  e x t r a  d r o g u e  and  d o c k i n g  c o l l a r  
i s  shown i n  F i g u r e  2 .  Three  s t r u t s  a r e  mounted t o  t h e  c o l l a r .  
The o t h e r  end o f  e a c h  s t r u t  i s  e q u i p p e d  w i t h  a c l e v i s .  Each 
c l e v i s  i s  a t t a c h e d  t o  a t a b  on t h e  e x t e r i o r  o f  t h e  MDA by a 
q u i c k - r e l e a s e  p i n .  The e x t r a  d rogue  a s s e m b l y  i s  i n s t a l l e d  
h e r e  p r i o r  t o  t h e  l a u n c h  o f  t h e  AAP-2. T h r e e  s i m i l a r  tabs  a r e  
mounted a round  t h e  c i r c u m f e r e n c e  o f  t h e  PM a f t  o f  t h e  s e p a r a t i o n  
j o i n t ,  b u t  a re  t i e d  t o  t h e  PM pr ime s t r u c t u r e  a t  t h i s  j o i n t .  
The a s t r o n a u t  removes t h e  t h r e e  p i n s  f rom t h e  t abs  on t h e  
m u l t i p l e  d o c k i n g  a d a p t e r ,  t r a n s p o r t s  t h e  d o c k i n g  c o l l a r  t o  t h e  
a f t  of t h e  PM, mates e a c h  c l e v i s  w i t h  t h e  PM t a b s  and i n s t a l l s  
t h e  same t h r e e  p i n s .  

The EVA a s t r o n a u t  t h e n  j o i n s  t h e  r e s t  o f  t h e  crew i n  
t h e  CM and t h e  CSM t r a n s f e r s  and docks  t o  t h e  new a f t  d r o g u e .  
The t empora ry  a t t a c h m e n t  o f  t h e  PM t o  t h e  Workshop i s  s e r v e d  
and  t h e  a c t i v e  CSM docks  t h e  f o r w a r d  d r o g u e  o f  t h e  PM t o  a 
p r o b e  on t h e  MDA. The a t t a c h m e n t  i s  s e c u r e d  from w i t h i n  t h e  
MDA a f t e r  t h e  CSM r e d o c k s  to i t .  
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S t a b i l i z a t i o n  f o r  d o c k i n g  t o  t h e  PM i s  p r o v i d e d  by 
t h e  t empora ry  a t t a c h m e n t ,  and s i n c e  t h i s  a t t a c h m e n t  must b e  
made f o r  t h e  d o c k i n g  c o l l a r  i n s t a l l a t i o n ,  a d d i t i o n  o f  a PM 
s t a b i l i z a t i o n  s y s t e m  need  n o t  b e  c o n s i d e r e d .  If a c t i v e  
s t a b i l i z a t i o n  o f  t h e  Workshop i s  mandatory d u r i n g  t h e s e  dock- 
i n g  and undocking  o p e r a t i o n s ,  t h e n  t h i s  method i s  n o t  f e a s i b l e  
w i t h o u t  changes  i n  t h e  Assembly as d i s c u s s e d  i n  S e c t i o n  2 . 3 .  

3 . 6  PM, S n a r e d  t o  O r b i t a l  Assembly b y  CSM, I s  P u l l e d  I n t o  
Docking P o r t  From MDA 

T h i s  method i s  t h e  on ly  one t h a t  d o e s  n o t  r e q u i r e  t h e  
a d d i t i o n  o f  a second  d o c k i n g  c o l l a r .  I t  d o e s ,  however ,  r e q u i r e  
a d d i t i o n s  t o  t h e  MDA. 
a u t o m a t i c a l l y  e x t e n d e d  from t h e  MDA.  The booms a r e  p a r a l l e l  t o  

PM, and a re  e q u a l l y  s p a c e d  on o p p o s i t e  s ides  o f  t h i s  c e n t e r l i n e .  
T h e i r  s e p a r a t i o n  i s  s l i g h t l y  g r e a t e r  t h a n  t h e  diameter o f  t h e  PM. 
The o u t b o a r d  end  of t h e  booms i s  equ ipped  w i t h  a s n a r i n g  mechanism, 
s u c h  as a c r a d l e  c o v e r e d  w i t h  V e l c r o  or b a y o n e t  f i t t i n g s .  
PM i s  equ ipped  w i t h  t h e  o t h e r  h a l f  o f  t h e  s n a r i n g  mechanism. 

A f t e r  r e n d e z v o u s ,  t h e  CSM maneuvers  t h e  PM i n t o  t h e  
s n a r i n g  mechanism, and undocks .  The crew t h e n  docks  t h e  CSM t o  
t h e  MDA and a c t i v a t e s  i t .  By some means,  e i t h e r  a c o n t r o l l e d  
r o t a t i n g  mechanism on t h e  end o f  a boom, or a n  EVA t h r o u g h  t h e  
A i r l o c k ,  t h e  PM i s  p i t c h e d  r e l a t i v e  t o  t h e  e x t e n d e d  booms s o  
t h a t  i t s  c e n t e r - l i n e  i s  p a r a l l e l  t o  t h e  booms, and  t h e  f o r w a r d  
PM p o r t  i s  o r i e n t a t e d  toward  t h e  MDA. L a t c h i n g  mechanisms for- 
ward on t h e  PM c a n  t h e n  b e  engaged w i t h  t h e  booms i n b o a r d  o f  t h e  
s n a r i n g  mechanism. The  p r o p e r  o r i e n t a t i o n  i s  t h u s  h e l d ,  and  t h e  
booms a re  s i m u l t a n e o u s l y  r e t r a c t e d  u n t i l  t h e  p r o b e  t i p  i n  t h e  MDA 
p o r t  engages  t h e  f o r w a r d  drogue  o f  t h e  PM. Docking i s  s e c u r e d  
from w i t h i n  t h e  MDA. 

Af t e r  Workshop i n j e c t i o n  two booms a r e  
+I-. bile c e n t e r l i n e  of t h e  MDA dock ing  poi-t that i s  1-esei-ved f o r  t h e  

The 

PM m o d i f i c a t i o n s  can be  k e p t  minimal  w i t h  t h i s  method.  
The booms must have  s u f f i c i e n t  i n t e g r i t y  s o  t h a t  t h e  a c t i v e  CSM 
s n a r i n g  maneuver does  n o t  c a u s e  t h e i r  s t r u c t u r a l  f a i l u r e .  The 
maneuver  p o s s i b l y  w i l l  p r o v e  n o t  f e a s i b l e  due  t o  t h e  d e l i c a t e  
o p e r a t i o n s  r e q u i r e d .  The re  i s  no  n e c e s s i t y  t o  b r e a k  t h e  s n a r e d  
a t t a c h m e n t  a f t e r  i t  i s  once  made b e c a u s e  t h e  booms may be  l e f t  
p a r t i a l l y  e x t e n d e d  and a t t a c h e d  t o  t h e  PM. 
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4 . 0  RETENTION OF THE LAUNCH SUPPORT R A C K  

Only one method f o r  h a r d  d o c k i n g  t h e  PM to t h e  MDA 
r e q u i r e s  r e t e n t i o n  o f  t h e  l aunch  s u p p o r t  r a c k  w i t h  t h e  PM. 
R e t e n t i o n  o f  t h e  r a c k  c o u l d  prove  c o n v e n i e n t  f o r  moun t ing  
r e l o c a t e d  o r  a d d i t i o n a l  equipment .  If a d d i t i o n a l  e x p e r i m e n t s  
s u c h  a s  t h o s e  o f  t h e  EO-0 package a re  t o  b e  i n c l u d e d ,  PM 
s t r u c t u r a l  m o d i f i c a t i o n s  can  b e  r e d u c e d  by r e t a i n i n g  t h e  r a c k  
and a d d i n g  an  u p p e r  r a c k  t o  s u p p o r t  t h e  p r ime  d o c k i n g  c o l l a r .  

R e t e n t i o n  o f  t h e  r a c k  h a s  some d i s a d v a n t a g e s .  The 
i n c r e a s e  i n  moments o f  i n e r t i a  n e g a t e  c o n t r o l  a n a l y s i s  pe r fo rmed  
f o r  t h e  PM a l o n e ,  and t h e  a d d i t i o n a l  mass and f l e x i b i l i t y  o f  t h e  
r a c k  c o u l d  a g g r a v a t e  t h e  a t t i t u d e  c o n t r o l  problem.  With a sym- 
m e t r i c a l  uppe r  r a c k ,  a su rvey  camera v i e w i n g  o b s t r u c t i o n  e x i s t s .  
PK t h e r m a l  c o n t r o l  a n a l y s e s  a r e  c o m p l i c a t e d  b y  r e t e n t i o n  o f  + & -  b 1 l C  

r a c k .  The t u b u l a r  space- f rame c o n s t r u c t i o n  o f  t h e  r a c k  i s  n o t  
r e a d i l y  a d a p t a b l e  t o  mounting a d d i t i o n a l  e x p e r i m e n t s ;  s e c o n d a r y  
s t r u c t u r e  we igh t  f o r  t h i s  purpose  c o u l d  b e  s u b s t a n t i a l .  The 
c o s t  o f  r e t e n t i o n  o f  t h e  r a c k  h a s  been  es t imated  a t  1 t o  1 . 5  
m i l l i o n  d o l l a r s ,  and a f o u r  month s c h e d u l e  s l i p  i s  a s s o c i a t e d  
w i t h  i t .  With f i v e  o f  t h e  s i x  d o c k i n g  methods d e s c r i b e d ,  t h e  
o n l y  j u s t i f i c a t i o n  f o r  keep ing  t h e  r a c k  w i t h  t h e  PM i s  f o r  
c a r r y i n g  heavy a d d i t i o n a l  e x p e r i m e n t s .  I n  t h e  c a s e  o f  EO-0, 
a v a i l a b i l i t y  o f  t h e  i n s t r u m e n t s  i n  t i m e  f o r  A A P - 1  i s  i n  q u e s t i o n .  
AS-207 p a y l o a d  marg in  when c a r r y i n g  t h e  r a c k  and EO-0 i s  e s t i m a t e d  
a t  1 0 0  pounds .  I f  CSM RCS c a p a b i l i t y  i s  i n c r e a s e d  t o  p r o v i d e  backup 
d e o r b i t ,  a d e f i c i t  of a p p r o x i m a t e l y  1 6 0 0  pounds r e s u l t s .  
5 . 0  SUMMARY 

recommend a n  a p p r o a c h  f o r  dock ing  t h e  PM t o  t h e  O r b i t a l  A s s e m b l y  
b u t  t o  b r i n g  f o r t h  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  s i x  p o s s i b l e  
methods .  Complexi ty  i n  o p e r a t i o n s  can  b e  d i m i n i s h e d  o n l y  a t  
t h e  expense  o f  i n c r e a s i n g  changes  t o  t h e  PM. R e t e n t i o n  o f  t h e  
r a c k  c a n  b e  j u s t i f i e d  only a f t e r  a d e f i n i t e  d e c i s i o n  t o  p r o v i d e  
f u n d s  n e c e s s a r y  f o r  development  of EO-0 a l o n g  i t s  p r e s e n t  c o n c e p t  
o r  b y  a c h o i c e  o f  t h e  o f f s e t  d o c k i n g  method.  A l e s se r  v e r s i o n  
o f  EO-0 c o u l d  be mounted d i r e c t l y  t o  t h e  PM t h u s  a l l e v i a t i n g  
many of t h e  problems a s s o c i a t e d  w i t h  k e e p i n g  t h e  r a c k .  

It  has n o t  been  t h e  p u r p o s e  o f  t h i s  memorandum to 
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